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PROGRAMMABLE DRIVER FOR AN I/O PIN While the noise signals do not adversely affect digital 

OF AN INTEGRATED CIRCUIT circuits, such type of aberrations arc highly undesirable in 

analog circuits. As such, it has been a conventional practice 

RELATED APPLICATIONS to not only separate the digital circuits from the analog 

5 circuits, but also maintain the analog and digital functions 

This patent application is related to U.S. application distinct as to the integrated circuit I/O pins. Although this 

entitled "Priority Cross-Bar Decoder" identified by Ser. No. limited I/O pin sharing feature provides a certain degree of 

09/584308, filed May 31, 2000; and U.S. Application flexibility, there exists other situations in which this solution 

entitled "Cross- Bar Matrix For Connecting Digital is not acceptable. 

Resources to I/O Pins Of An Integrated Circuit" identified 1Q From the foregoing, it can be seen that a need exists for 

by Ser. No. 09/583,260 filed May 31, 2000, and related to a technique to improve the flexibility by which the various 

U.S. application entitled "IC With Digital And Analog signals or functions of an integrated circuit device are made 

Circuits And Mixed Signal I/O Pins". The subject matter of available to the I/O pins. Another need exists for a pin 

all three such applications is incorporated herein by refer- interface circuit that can accommodate both digital and 

ence thereto. _ analog signals. 



TECHNICAL FIELD OF THE INVENTION 



15 

SUMMARY OF THE INVENTION 



In accordance with the principles and concepts of the 

The present invention relates in general to input/output invention, there is disclosed a pin interface circuit for use on 

circuits for semiconductor devices, and more particularly to an integrated circuit, which allows both analog and digital 

a driver circuit for driving an I/O pin of an integrated circuit. 20 signals to be coupled to respective processing circuits, via a 

single I/O pin. In accordance with one form of the invention, 

BACKGROUND OF THE INVENTION * the metallic pad of an I/O pin is coupled via a pin interface 

e , n , . circuit to both analog and digital circuits formed on the 

lne large scale integration of a number or devices or • A 4 u- tl t/a ■ • * _r * j * 

. & , ... ii j- ^ semiconductor chip. The I/O pin interface is connected to 

circuits is advantageous as >t allows numerous funchons to M ^ ^ of variOTS dtcuits for ^ ^ 

be carried out within a single integrated circuit On the one ^ ^ ^ t0 ; to of ^ ^ 

hand, semiconductor dies or chips can be made larger to circuitg fof receiyi ^gital si ^ from ^ w £ , Q 

accommodate a larger number of circuits and corresponding addiu ^ formed 0Q , he M d ^ &K 

funcuons. Conversely, significant improvements in hthog- , 0 ^ VQ m for £ 

raphy techniques have been achieved in order to make the M from whiu not j ^ fa ODe % mbo ^n? ent of the 

existing circuits smaller so that additional circuits can be . t , * . • • * , 

c : ? . it _. . , A ... . , . , . invention, analog output circuits formed on the chip can be 

formed within a chip, without utilizing a larger-sized semi- M A . A t +u Tin • e A - - , . ..5 , 

, 4 ,. T \ ,. . K . connected to the PO pm for driving such pin with analog 

conductor chip. In order to fully utilize the functions pro- sicnals 

vided by the circuits formed within the chip, I/O pins or „„ ' , ™ . . A - . - 

ports are necessary. In some situations, if additional I/O pins « m ^ ^ ^ P m mt f™ * cc f^ »*. 

are needed, then they are simply added to the chip as 35 f n ,? nab ! 6 * lgn ? i.? up 'f d t0 ** ^ ^cuits connected 

metallic pads or pins. It can be appreciated that, based on a ,0 ** for disabling the same. This prevents m,d-region 

given size of the semiconductor die, only a reasonable "P™?™ by - *2 ^j"* ^ M S ates f wnen ^ "f* 

number of I/O pins can be accommodated. Some integrated "SKf* T age /ange of operation of the 

circuits, especially those that are microprocessor-based, M **** lo & c - In 0,her ' of the invention, the 

have more than one hundred VO pins. The I/O pins can be 40 6 f ltai ma y Bmun enabIed durm S *» mode 

formed not only on the edge of the chip, but also on the 0 °P era on * 

planar face of the chip ^ accor< k nce with another feature of the invention, the 

A . , ■ t , A . .... I/O pin interface can be configured as an output pin driven 

A problem exists when there are more signals or functions . tU J . , , • , , , , , 

iL * « . .... ... , . with digital or analog signals generated on the chip, and such 

than corresponding pins available on the integrated circuit. 4c ■ ° « 1 Ju !*_.-+• * ■* *t_ 

^ , • ■ \T * i.- 1 . 1 • 1 -.i signals can be coupled back to monitoring circuits on the 

One practice has been to multiplex plural signals, with . <L _r r ?• •* 1 1 

\ t . . T/rt . ™ il- , • • cm P t0 rnomtor the performance of the digital or analog 

respect to a single I/O pm. The multiplexing is earned out by signals 

a simple logic circuit that selects one of the signals for use 

with the I/O pin at any given time. An example of the use of BRIEF DESCRIPTION OF THE DRAWINGS 

multiplexers for coupling plural signals to a pin is set forth 50 Further features and advantages will be apparent from the 

in U.S. Pat. No. 6,057,705. I/O pins of an integrated circuit following and more particular description of the preferred 

have been utilized for both outputting digital signals via the and other embodiments of the invention, as illustrated in the 

pin, and inputting digital signals via the pin. An example of accompanying drawings in which like reference characters 

such type of input/output pin interface circuit is shown in generally refer to the same parts or elements throughout the 

U.S. Pat. No. 5,686,844. 55 views, and in which: 

In mixed signal integrated circuits, such as microproces- FIG. 1 illustrates a generalized block diagram of the 

sors integrated with A/D and D/A converters, the I/O pins digital and analog circuits, and the control signals for 

must be able to accommodate not only digital signals, but controlling the pin interface circuits; 

also analog signals. It is a conventional practice in micro- FIG. 2 illustrates the functional details of an I/O pin 

controllers to utilize a first set of I/O pins for digital signal 60 interface circuit according the described embodiment; and 

processing, and a second set of I/O pins for analog signal FIG> 3 illustrates in a detailed manner how the analog 

processing. This type of integrated circuit is partitioned to hncs hom mc pin interface circuits are multiplexed together, 
separate the analog and digital circuits, as well as the I/O 

pins,-because of the significant difference in the signal DETAILED DESCRIPTION OF THE 

processing circuits. The digital circuits are, of course, binary 65 INVENTION 

operated. However, such type of circuits generate noise With reference now to FIG. 1, there is illustrated the 

because of the high speed transitions of the digital signals. various analog and digital circuits involved in the described 
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embodiment that utilize many of the analog/digital pin gramme d to configure the pin interfaces in various modes, 

interface circuits and corresponding contact pads of the When it is desired to configure the pins for driving digital 

integrated circuit 10. The integrated circuit 10 includes a signals, control signals are generated by the processor 18 

number of contact pads or connection pins, designated and coupled on bus 40 to the control registers 28. The 

numerically from one to thirty-two. Although only thirty- 5 control registers 28 latch the control signals therein and 

two I/O pins are illustrated, the invention can be adapted to provide steady state control signals to the various pin 

any circuit irrespective of the number of I/O pins. Each pin, interface circuits to be controlled. In order to configure the 

for example, Pin, is coupled to a pin interface 14. The pin first pin interface 14 for driving digital signals, a control 

interface 14 couples analog or digital signals to or from the signal is placed on one conductor of control line 34 to 

I/O contact pad 12 on conductor 16. The pin interface 14 can 10 configure the first pin interface 14 into a mode for driving 

couple digital signals to digital circuits, such as a processor digital signals to the I/O contact pad 12. The processor 18, 

18 on one conductor of a two-wire path 20, or receive digital m en transmits digital signals on one line of the 2-wire bus 

signals therefrom on' the other conductor of the two-wire 20 ducted to the first pin interface 14. The pin interface 14 

path 20. The pin interface 14 can also couple analog signals ^ s » ch d & tal si S Qals on conductor 16 to the I/O 

to analog circuits, such as an analog- to-digital converter 22, 1S co ?,^ c . " . ^ , . . _ „ . . 

by way of a common analog line 32. Those skilled in the art u 15 dcsircd to ^figure the pin interface 14 m a 

may also find it advantageous to couple the common analog ™ d * f ™ re ™S externally -gene rated di&Ul signals from 

i- * *u * c i * \ u the I/O contact pad 12, appropriate control signals are 

line 32 to other types or analog processing circuits, such as » ■ « ' * 4 - , „ . . 

, , . . ^ * rZ . generated by the processor 18 and transferred to the control 

analog wave shaping circuits comparators, amplifiers, etc. * ^ ^ ^ 4Q ^ &i ^ 0Q lme M wi]I be 

The externally-generated analog signals received from the 2Q maintained for thc ^ ital operating £o dCj but me processor 

pin interface 14 are coupled via a transmission gate in the 18 ^ reconfigurc itsclf so ^ to reccivc digital signals from 

pin interface on analog lme 26. The analog signals coupled ^ pin mterface 14 on ^ other conductor of the 2-wire bus 

to the pin interface 14 can also be coupled on line 62 to a 20. In this manner, digital signals are coupled externally to 

comparator 25 for comparison with either a fixed or pro- the I/O contact pad 12, and therefrom to the processor 18 via 

grammable reference voltage. Other analog monitor circuits ^ the pin interface 14. The remaining pin interface circuits 

can also be utilized. function in the same manner. 

The analog transmission gate in each pin interface circuit When it is desired to configure the pin interfaces, such as 

is controlled by a respective control line connected to a me first pin interface 14 for operating in an analog mode, the 

control register circuit 28. The analog output of each such processor 18 writes the appropriate control registers 28 to 

analog transmission gate is wire-OR/d together to form the 3 q provide different control signals on the control lines 34. 

common analog line 32. The overall function of the trans- When configured for analog operation, the pin interface 14 

mission gates in the respective pin interface is to provide a receives externally-generated analog signals from the I/O 

32:1 multiplexer. The processor 18 controls the logic states contact pad 12 and couples the same via an internal trans- 

of the registers in the circuit 28 to select which one of the mission gate on analog line 26 to the common analog line 

thirty two analog transmission gates will be active to couple 35 32. When configured for analog operation, the control reg- 

the associated analog signal to the ADC 22. While FIG. 1 isters 28 are also written to produce appropriate logic states 

illustrates in principle the distributed nature of the analog on the bus 34, whereupon the internal analog transmission 

transmission gate multiplexer, other unified multiplexers gate is enabled. The analog line 26 is thus selected for 

could be utilized. In addition, those skilled in the art may coupling the analog signals thereon through the transmission 

prefer to employ different multiplexer arrangements, such as 40 gate to the common analog output line 32. Analog signals 

32:2 type multiplexers, and others. can thus be coupled from the I/O contact pad 12 through the 

Each of the other pin interface circuits are interconnected pin interface 14 to the analog- to-digital converter 22. When 

and operate in the same manner for coupling digital signals the ADC 22 converts the analog signals to corresponding 

between the respective contact pads and the processor 18, or digital signals, such digital signals can be coupled on the bus 

for coupling analog signals between the contact pads and the 45 42 to many other digital circuits, including the processor 18. 

ADC 22 and/or comparator 25. Each pin interface circuit is The digital signals on bus 42 can then be processed by the 

controlled as to whether the operation thereof will be digital processor 18 and the result thereof transmitted back to the 

or analog, using control signals output by control registers pin interfaces during a digital mode of operation. 

28. The control registers 28 provide a number of outputs for As noted above, the analog signals can also be coupled 

controlling distributed analog multiplexing circuits in the 50 from the pin interface 14 to the comparator 25 for compari- 

pin interfaces. In the example, since there are thirty- two pin son with a predefined or programmable reference voltage. If 

interface circuits with corresponding contact pads, the con- all the analog lines of each pin interface are to be used for 

trol register circuit 28 provides thirty-two separate control comparison with a reference voltage, the common analog 

signals for individually controlling the multiplexing circuits fine 32 can be connected to the input of the comparator 25. 

in each pin interface. The control register circuit 28 also 55 While the pin interface 14 is illustrated in FIG. 1 as being 

provides other control signals for controlling the pin inter- configured so as to provide for the input of analog signals, 

faces. For example, on the five control register outputs 34, the output of analog signals can also be achieved. In 

the various circuits of the first pin interface 14 are con- providing a bi-directional flow of analog signals with regard 

trolled. Control register outputs 36 control the circuits in the to the pin interface 14, the pin interface transmission gate 

second pin interface, and so on in a similar manner. Lastly, 60 can be controlled to allow externally-generated analog sig- 

the pin interface associated with pin 32 is controlled by nals to not only be input to the pin interface 14, but also 

signals on control register lines 38. allow internally-generated analog signals to be output there - 

The various circuits of the integrated circuit 10 shown in from as well. With this alternate arrangement, on -board 

FIG. 1 operate in the following manner. When it is desired analog signal generating circuits can be coupled through an 

to configure a pin interface for receiving digital signals and 65 analog selector or multiplexing arrangement to the common 

driving the same on the respective contact pads, the follow- analog bus 32, for transferring the analog signals to the 

ing operations are carried out The processor 18 is pro- various pin interfaces. 
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Reference is now made to FIG. 2 where there is shown in enabled, allows analog signals to pass therethrough in either 

functional detail only one pin interface circuit 14. The other direction. Each transmission gate 60 and 61 each constitutes 

pin interface circuits arc constructed and operate in an a P-channel and N-channel transistor. The Analog Select 

identical manner. While the various Logic functions carried control signal on line 64 drives the N-channel transistors, 

out by the pin interface circuit are shown as implemented by 5 and such control signal drives the P-channel transistors by 

traditional logic gates, in practice such functions are carried way of an inverter 88. If the transmission gate 66 is not 

out by various types of transistor circuits which perform the enabled, the connection between the individual transmission 

logic functions. Those skilled in the art can readily devise gates is pulled to a ground potential by transistor 89, thereby 

many different types of transistor circuits to carry out the isolating the unused terminals which may otherwise have 

noted logic functions. Many of the signals coupled to the pin 10 digital signals, noise, cross-talk or other signals imposed 

interface circuit 14 are generated by the microprocessor 18. thereon. This is an important feature of the pin interface 14 

In the preferred embodiment, a triplet of the signals is because it enables the multiplexer to select or to isolate the 

coupled to each pin interface circuit by way of a priority analog signal at the I/O contact pad 12 or pin location, 

cross-bar decoder. The cross-bar decoder circuit is described Otherwise, thirty-two analog signals would have to be 

in detail in pending applications of the assignee identified as 15 routed to a multiplexer cell located external to the pin 

U.S. application Ser. No. 09/584,308 filed May 31, 2000 and interfaces. With this invention, only one analog route, (or 

application Ser. No. 09/583,260 filed May 31, 2000, the fewer than thirty-two routes— depending on the manner in 

subject matter of such applications being incorporated which external multiplexers 24 are configured, see FIG. 3), 

herein by reference. In view that a cross-bar decoder is not is connected to all of the pin interfaces being multiplexed 

essential to the operation of the present invention, such ^ onto the common analog line 32. This enables the pin 

circuit will not be described here. Rather, it is sufficient to interfaces to be distributed more ubiquitously about the 

understand that the pin interface circuit 14 of the invention perimeter or area of the semiconductor chip (or PCB). 

need only be coupled either directly or indirectly to analog The Digital Enable signal on control line 68 disables the 

and digital circuits, and controlled accordingly by suitable weak pull-up transistor 84 and the logic gate 86 during 

control circuits. ^ analog operation. Automatic disabling of the weak pull-up 

Hie relevant signals shown in connection with the pin transistor 84 is optional, 

interface circuit 14 of FIG. 2 function in the following T n the operation of the pin interface circuit 14 of FIG. 2, 

manner. The Digital Input signals carried on line 50 consti- a logic high state of the Port-Outenable signal on line 54 is 

tute the digital signals coupled from the I/O contact pad 12 coupled through an inverter 70 to present a logic low state 

to the digital circuits 18 of the integrated circuit 10. The 30 on an input of NAND gate 76. The output of the NAND gate 

signals carried on the Port-Output line 52 are the digital 76 is a logic high which drives a P-channel transistor 74 of 

signals coupled from the digital circuits 18 of the integrated a push-pull driver, thereby turning it off. The Port-Outenable 

circuit 10 to the I/O contact pad 12. Lines 50 and 52 signal on line 54 also drives an input of a NOR gate 72 in 

constitute the two-wire bus conductor 20 shown in FIG. 1. the pin interface circuit 14. The output of the NOR gate 72 

The Port-Outenable line 54 carries the control signals gen- 35 drives an N-channel driver transistor 78 of the push-pull 

erated by the processor 18, or support circuits therefor, for driver to a low level, thereby turning it off. As a result, 

enabling and disabling operation of the pin interface circuit push-pull output 80 of the driver transistors 74 and 78 is 

14. In particular, when the Port-Outenable signal on line 54 placed in a high impedance state, which state is coupled to 

is driven by the multiprocessor 18 to a logic low state, the the corresponding I/O contact pad 12 via conductor 16. 

pin interface circuit 14 is operative to allow digital signals 40 Thus, when the Port-Outenable signal is at a logic high state, 

to be output to the I/O contact pad 12. When at a logic high the I/O contact pad 12 is driven to a high impedance state! 

state, the Port-Outenable line 54 causes the conductor 16 This feature can be advantageously used when it is desired 

coupling the pin interface circuit 14 to the contact pad 12, to to place an I/O pin of the integrated circuit 10 in an input 

be driven to a high impedance state. The Push-Pull line 56 mode. The tristate condition of the driver can also be used 

carries signals which allow a push-pull driver of the pin 45 when the signals of the integrated circuit 10 are "settling" to 

interface circuit 14 to be operational. The Weak Pud signal a stable state. This prevents temporary-state transitions and 

on fine 58 controls the operation of a weak pull-up transistor glitches from appearing at the I/O contact pad. Also, when 

coupled to the conductor 16. The ADC signal on line 26 is the Port-Outenable signal is high during this transition 

the analog signal carried from the I/O contact pad 12 to the period, no erroneous signals will appear at the I/O contact 

common analog fine 32 of FIG. 1. Control lines 54,56,58,64, 50 pad 12. Those skilled in the art may also utilize additional 

and 68 of FIG. 2 constitute the five-wire bus conductor 34 circuits connected to the P-channel driver transistor 74 and 

shown in FIG. 1. the N-channel driver transistor 78 to prevent both such 

The CP signal online 62 can be coupled to the comparator transistors from being driven into conduction at the same 

25 shown in FIG. 1. The processor 18 can cause digital or time. Moreover, those skilled in the art may find that not all 

analog signals carried on the conductor 16 to be coupled to 55 pin interface circuits should be driven into a high impedance 

the comparator 25 for comparison with a reference voltage state at the same time. To that end, different control lines in 

that is programmable to different amplitudes. While only pin lieu of line 54 can be coupled to the pin interfaces, 

interface circuit 14 is shown equipped with the capability of With reference again to the I/O pin interface circuit 14, it 

being coupled to the comparator 25, one or more of the other is noted that if the driver is configured to an operational state 

pin interface circuits can be designed to provide a similar eo in which the logic state on line 54 is at a low state, the I/O 

^ unct ^ on - contact pad 12 can be driven to the logic state corresponding 

The Analog Select signal on control line 64 controls an to the data on the Port-Output line 52. As noted in FIG. 2, 

analog transmission gate circuit 66 to allow the coupling of the Port-Output signal on line 52 is coupled to an input of the 

externally-generated analog signals input to the I/O contact NOR gate 72, as well as to an input of the NAND gate 76. 

pad 12 to analog signal processing circuits. In practice, the 65 For purposes of example, it is assumed that the driver 

analog transmission gate circuit 66 is a pair of series- transistors 74 and 78 are to be operated in a pusb-pull 

connected analog transmission gates 60 and 61, which if manner. Accordingly, the Push-Pull control fine 56 is driven 
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by the microprocessor 18 to a logic high leveL Assuming 
further that the logic state on the Port- Output line 52 is 
driven to a logic high, then the output of the NOR gate 72 
will be logic low, thereby turning off the N-channel driver 
transistor 78. On the other hand, the output of the NAND 
gate 76 will be at a logic low level, thereby driving the 
P-channel driver transistor 74 into conduction. The I/O 
contact pad 12 will thus be driven to a logic high state, 
corresponding to the logic high state on the Port-Output line 
52. Digital data can thus be coupled from the Port-Output 
line 52 to the I/O contact pad 12. 

If, on the other hand, the logic state of the digital data on 
the Port-Output line 52 is at a logic low state, then the output 
of the NOR gate 72 will be logic high state. The output of 
the NAND gate 76 will be at a logic high state also. The 
P-channel driver transistor 74 will thus be turned off, while 
the N-channel driver transistor 78 of the push-pull pair will 
be driven into conduction. The logic state of the I/O contact 
pad 12 is thus a logic low, corresponding to the logic low 
state on the Port-Output line 52. 

In the event that the I/O contact pad 12 is to be provided 
with a weak pull-up, then the control line 58 is driven to a 
logic low state. If the output of the NOR gate 72 is also at 
a logic low state, the OR gate 82 will bias the P-channel 
driver transistor 84 into conduction. The weak pull-up 
transistor 84 is constructed with a long conduction channel, 
thereby providing a high resistance between the supply 
voltage VDD and the I/O contact pad 12. A weak pull-up to 
the I/O contact pad 12 is thus provided. A separate weak 
pull-up control line is coupled to each of the pin interface 
circuits, and such lines are controlled by way of the control 
registers 28. In like manner, each pin interface circuit is 
controlled by a separate Push -Pull control signal line, one 
shown as reference number 56. The push-pull control lines 
are also controlled by the control registers 28. 

In order to configure the I/O contact pad 12 for the input 
of digital signals, the Port-Outenable signal on line 54 is 
driven to a logic high state. As noted above, both push-pull 
transistors 74 and 78 are turned off, thereby placing the I/O 
contact pad 12 in a high impedance state. Accordingly, 
external analog and digital signals can be applied to the I/O 
contact pad 12. The input digital signals on I/O contact pad 
12 are coupled via the conductor 16 to an input of AND gate 
86, and therethrough to Digital Input line 50. With reference 
to FIG. 1, the input data signals on line 50 of bus 20 can be 
coupled to the microprocessor 18 or other digital circuits. 

As noted above, when the I/O contact pad 12 is utilized 
for the input or output of digital signals, the Digital Enable 
signal on control line 68 is driven to a logic high leveL The 
logic high input to the two-input AND gate 86 allows digital 
signals to be passed from the I/O contact pad 12 to the 
microprocessor 18. Also, the logic high state of the Digital 
Enable signal places an enabling signal on the inverting 
input of the OR gate 82, thereby enabling operation of the 
Weak Pull-up transistor 84, if the Weak PUD signal on line 
58 is asserted. As can be appreciated, the foregoing repre- 
sents an OR function in controlling the weak pull-up tran- 
sistor 84. 

When it is desired to configure the I/O contact pad 12 for 
receiving analog signals, the Port-Outenable control signal 
on line 54 is driven to a logic high state, thereby placing the 
push-pull transistors 74 and 78 in a high impedance state. 
Additionally, the Digital Enable signal on control line 68 is 
driven to a logic low. This disables the weak pull-up 
transistor 84 via the OR gate 82, and disables the AND gate 
86. It is important to disable the logic gates having inputs 
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coupled to the I/O contact pad conductor 16, otherwise the 
analog voltages may not only drive the logic gates to 
different states, but may also activate push-pull transistors in 
such gates so that current flows therethrough. In other 

5 words, analog voltage levels may be encountered on the I/O 
contact pad 12 that will not drive the logic gates to either a 
logic high or low state, but rather drive such gates to an 
indeterminate logic state. Such indeterminate logic states 
can often cause unnecessary current flow therein, which is 

10 wasteful of power in the integrated circuit. Various types of 
logic gates may include additional protection circuits to 
prevent large current flow therethrough when driven by a 
signal with an indeterminate logic state. When utilizing such 
type of logic circuits, the AND gate 86 may not be required 

15 to be disabled during analog operation. 

In any event, when the pin interface circuit 14 is config- 
ured for analog operation, the Analog Select signal on 
control line 64 is driven to a logic high state, thereby 
allowing signals to be passed through the analog transmis- 

20 sion gate circuit 66. As noted above, each pin interface 
circuit includes a transmission gate circuit which is part of 
a distributed multiplexer. Analog signals can thus pass 
unimpeded from the I/O contact pad 12 to the analog-to- 
digital converter 22. When it is desired to convert the analog 

25 signals coupled to I/O contact pad 12 to corresponding 
digital signals, the appropriate control signals are generated 
by the microprocessor 18, are latched in the control register 
28, and are coupled to the pin interface circuits. In the 
embodiment shown in FIGS. 1 and 2, only one pin interface 

30 circuit is enabled for analog operation at a time. The pin 
interface circuit enabled for analog operation will couple the 
analog signals coupled thereto to the common analog line 32 
via the analog transmission gate circuit in the enabled pin 
interface circuit In the other pin interface circuits disabled 

35 for analog operation, the isolated transistor 89 in the respec- 
tive analog transmission gate circuits will be driven into 
conduction, thereby providing electrical isolation between 
the common analog line 32 and the circuits of the disabled 
pin interface circuits. The microprocessor 18 can also con- 

40 trol the ADC circuit 22 to commence conversion of the 
analog signal to a corresponding digital word . 

As noted in FIGS. 1 and 2, the input of the comparator 25 
is also coupled to the I/O contact pad 12 connected to the pin 
interface 14. Either analog signal levels or digital signal 

45 levels can be compared with a reference voltage to verify 
acceptable circuit operation. Indeed, the microprocessor 18 
can drive the I/O contact pad 12 with a logic level, and verify 
with the comparator 25 that such level is within specified 
limits. The comparison operation can be carried out by 

50 increasing (or decreasing) the variable reference voltage 
until the output of the comparator changes state. The voltage 
magnitude of the signal on the I/O contact pa d 12 can thus 
be determined. 
As an alternative, a signal coupled to the I/O contact pad 

55 12, whether it be a digital input/output or analog signal, 
maybe routed through the respective analog transmission 
gate circuit 66 as previously described, and measured 
directly by the ADC 22 using N bits of resolution. This 
feature of the present invention adds to the capabilities of the 

so commonly known SCAN testing method. With SCAN chain 
testing, there is provided the ability to test the digital I/O 
signals coupled to the integrated circuit. This invention in 
one of its embodiments may be extended to add analog level 
sensitivity testing to the scan chain by using the comparator 

65 25 or ADC 22 as described above, to measure the signal 
amplitude on the I/O contact pad 12 and provide a pass or 
fail condition as appropriately determined by the scan chain. 
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With reference now to FIG. 3, there is illustrated a While the preferred and other embodiments of the inven- 

preferred embodiment of the invention, showing the manner tion have been disclosed with reference to a specific pin 

in which the digital and analog lines of each pin-interface are interface circuit, and method of operation thereof, it is to be 

connected to the respective support circuits. Shown are four understood that many changes in detail may be made as a 

ports, each having eight I/O contact pads, totaling thirty -two 5 matter of engineering choices, without departing from the 

I/O contact pads for the integrated circuit 10. The spirit and scope of the invention, as defined by the appended 

designation, for example PI .6/SYSCLK, identifies port 1 of claims, 

the four ports, and pin 6 of that port. The pneumonic What is claimed is: 

identifier indicates that the system clock signal can be 1. An integrated circuit having at least two pin interfaces, 

multiplexed onto the port pin. In contrast with the embodi- 10 comprising: 

ment shown in FIG. 1, where each analog conductor of the a common analog line formed in said integrated circuit; 

thirty two pin interface circuits is connected to a common anc ^ 

analog line 32, single multiplexer 24, the multiplexing digital circuits formed in said integrated circuit for receiv- 

arrangement shown in FIG. 3 is different. In the FIG. 3 ing and transmitting digital signals; 

embodiment, the analog lines of each port interface driver in 15 each of said pin interfaces having: 

a group are connected together to provide a common analog a conductive pad formed on said integrated circuit for 

line for the group. In other words, each of the eight pin coupling signals thereto; 

interface circuits of port 0 are coupled together, and «»tog interface for selectively coupling said con- 
extended by a common analog line 90 to one input of a <? u ?ive pad to said common analog line, and 
four-iimutmulUple X er92.TheeightanalogUnesofportIare M . a <^ tal ™ sclccttvety coupling said conduc- 
. f *\ j A j j j a tive pad to said digital circuits, 
similarly connected together, and extended as a second 2 . TTiemtegrated circuit of claim 1, each said pin interface 
common analog line 94 to a second input of the multiplexer ^ ^ ^ swkch m ^ ^ tQ 
92. The analog lines of the port 2 and port 3 groups of pin transmis t ioil of J^ og signals coupled thereto, 
interfaces are similarly connected and coupled as respective 3 ^ ^g^ed of claim 2y wherein said analog 
third and fourth common analog lines to the remaining two ^ switch m cach ^ pin mtcr f acc comprises a pair of trans- 
inputs of the multiplexer 92. The multiplexer 92 requires mission gates coupled together at a junction, and a transistor 
only two digital signals for decoding in order to select one for c^pling the junction to an isolation potential, 
of the four analog inputs for coupling signals on the selected 4 integrated circuit of claim 1, wherein said digital 
common analog line to the output 96 of the multiplexer 92. circuits in each said pin interface includes disable circuits 
With this arrangement, fewer conductors are required to be 30 for disabling at least a portion of the digital circuit when at 
extended between the port interface driver circuits and the least 0Qe of said pin interfaces carries analog signals, 
multiplexer 92. While not specifically shown, each group of 5 ^ mte grated circuit of claim 4, herein digital circuits 
port interface driver circuits requires an analog select m said pui interfaces and having inputs coupled to said 
decoder for decoding a 3-bit digital word to select one of the conductive pad are disabled during analog operation, 
analog select signals 64 of each group. With this 35 5 integrated circuit of claim 1, further including 
arrangement, even if multiple port I/O contact pads are circuits in said at least two pin interfaces that are operative 
driven by analog signals, the operation of only one analog t0 control said digital circuits so that in an analog mode of 
transmission gate circuit 66 (FIG. 2) ensures that only single operation, said digital circuits driving said conductive pad 
analog signal is coupled from that group on the common m placed in a high impedance state, 
analog line to the multiplexer 92. As can be appreciated, ^ 7 j^e pin interface of claim 1, further including in 
even though a multiplexer 92 external to the port interface combination an analog comparator having an input for 
driver circuits is utilize, the distributed multiplexer employ- monitoring voltages coupled to said pad. 
ing the analog transmission gate circuits 66 is nevertheless 8 integrated circuit of claim 1, further including an 
used in each pin interface circuit. analog multiplexer having plural inputs, a different input of 

As further shown in FIG. 3, there are additional multi- 45 sa id analog multiplexer coupled to each said pin interface, 

plexers 98-104 for multiplexing the digital signals with 9. The mtegrated circuit of claim 8, wherein each said pin 

regard to the various pin interface groups, and port I/O interface includes an analog transmission gate controlled by 

contact pads. a control signal for coupling analog signals to said analog 

Various other analog line multiplexing schemes can be multiplexer, 

utilized. For example, the first analog line of each port can 50 10. The integrated circuit of claim 9, further including a 

be connected in common to one input of an eight-input control register providing control signals to each said pin 

multiplexer. The second analog lines of each port can interface circuit for controlling the operation thereof, 

similarly be connected together and coupled to a second 11. The integrated circuit of claim 10, wherein said 

input of the multiplexer. The other six analog lines of the control register provides an output for placing a pin interface 

four ports can be similarly connected to the multiplexer. 55 in an analog mode of operation. 

With eight multiplexer inputs, a 3-bit word can be used to 12. The integrated circuit of claim 11, wherein said 

select which one of the eight analog lines is to be coupled to control register produces a first signal for controlling an 

the ADC, or to other analog processing circuits, such as analog switch during analog operation, and for disabling 

comparators, amplifiers, wave shaping circuits, etc. digital circuits during analog operation. 

From the foregoing, disclosed is a pin interface circuit 60 13. The integrated circuit of claim 1, further including a 

adapted for carrying both analog and digital signals. The pin plurality of said conductive pads, and a plurality of said pin 

interface circuit can be configured to carry digital signals interfaces, each pin interface uniquely associated with a 

through the pin interface circuit to the port I/O contact pad respective conductive pad. 

in one direction, or in the other direction. In addition, the pin 14. The integrated circuit of claim 13, wherein each said 

interface circuit can be configured to disable the digital 65 pin interface is substantially identical in electrical design, 

circuits so that analog signals can be carried therethrough 15. A group of pin interfaces formed on an integrated 

without affecting the digital circuits. circuit, comprising: 
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a common analog line, each of the pin interfaces having: 
a contact pad formed on said integrated circuit, 
a pair of transistors joined together at a junction to 
define a push-pull driver, said junction connected to 
said contact pad, 
a first logic circuit for driving said pair of transistors 
into opposite states of conduction, and for driving 
said junction to a high impedance state, 
said common analog line coupled to said contact pad for 

carrying analog signals; and 
an analog switch coupled in said common analog fine, and 
controlled by a control signal for controlling the cou- 
pling of analog signals on said common analog line. 
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16. The pin interface of claim 15, and further including a 
multiplexer having multiple inputs coupled to ones of said 
analog lines via said respective analog switches. 

17. The pin interface of claim 15 further including a 
plurality of said groups of said pin interfaces, each group 
associated with a respective common analog line, and fur- 
ther including a multiplexer having a respective input 
coupled to each said common analog line. 

18. The integrated circuit of claim 1, wherein said analog 
interface and said digital interface are operable simulta- 
neously. 
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